Personal exposures to carcinogenic polycyclic aromatic hydrocarbons (c-PAHs) bound to airborne particulate matter p2.5 mm (PM 2.5 ) were measured in the context of a large-scale molecular epidemiological study in order to identify the impacts of air pollution on human health. Sampling was carried out in three industrial cities in the Czech Republic: Ostrava, Karvina and Havirov. The city of Prague, exhibiting much lower industrial air pollution but a high level of traffic, served as a control. The first monitoring campaigns were held in winter and were repeated in the summer of 2009. The active personal monitors PV 1.7 for PM 2.5 -bound c-PAHs were used. Non-smoking city policemen from Prague, Karvina and Havirov, and office workers from Ostrava, participated in the study. All participants completed a personal questionnaire and a time-location-activity diary. In this study, we examined personal exposure to c-PAHs and tested it for associations with potential predictor variables collected from questionnaires, addressing life style factors and day-to-day activities. We found outdoor concentration, environmental tobacco smoke exposure, home heating fuel of coal, wood or gas, frequency of exhaust fan use, cooking and commuting by a car to be the main determinants of personal exposure.
INTRODUCTION
The adverse effects of air pollution on human health have been well documented in many studies. [1] [2] [3] [4] [5] [6] [7] [8] The main sources of air pollution in the Czech Republic are industry, traffic and local heating. 9 The most important biologically effective components of air pollution are fine aerosol particles and compounds bound to them, particularly carcinogenic polycyclic aromatic hydrocarbons (c-PAHs). 10 The aerosol particles having a diameter p2.5 mm (PM 2.5 ) are most important because of their ability to reach the lower respiratory tract in humans. From the retention point of view and the deposition of aerosols in the lungs, fine particles are the most dangerous because of their penetration through the bronchioles to the air sacks. 11 High PM 2.5 air pollution can have acute effects on human health from short-term exposure, contributing to acute coronary events, especially among patients with underlying coronary artery disease. It may also contribute to complications of atherosclerosis and may have a role in triggering acute ischemic heart disease events. Higher longterm exposures of PM 2.5 contributes to pulmonary and systemic oxidative stress, inflammation, progression of atherosclerosis and risk of ischemic heart disease, and could increase total mortality as well as lung carcinoma. 1, 3, 4, 12 Along with B[a]P and other c-PAHs, other toxic substances (such as nitro-and alkyl PAH derivatives) could be bound on PM 2.5 and could change their composition, toxicity and impact on human health. 13, 14 However, recent data suggest that the most biologically important PM 2.5 components are PAHs. 15 Some of these are classified as mutagenic and carcinogenic (compounds with Z4 aromatic rings). 13 , 16 We measured eight most often reported (carcinogenic) 4-6-ring PAHs, which are only a subset of the group of potentially carcinogenic polycyclic aromatic compounds (4-6-ring PAHs, their sulfur-and nitrogen-containing analogues and their alkylated homologues). But selected eight c-PAHs can be used as a marker of exposure for the whole set because generally the concentrations of heterocyclic PAHs show proportionality to the concentrations of the corresponding PAHs. 17 The International Agency for Research on Cancer classifies eight compounds that were monitored as carcinogens in group 1- Previous studies have demonstrated that indoor air contains 50-70% of the pollution present in the outdoor air, 19 but this depends strongly on the extent of ventilation and the type of housing. When assessing personal exposure, we need to consider that people spend on average 80-90% of their daily time indoors. 1, 20, 21 Personal exposure to air pollution is substantially affected by the distance from the source of pollution (proximity of 1 busy roads and industrial sources), environmental tobacco smoke (ETS), oven cooking or frying. Personal exposure to air pollution depends strongly on individual activities. 22, 23 Together with a long-term increase in carcinogenic risk, human exposure to PM 2.5 can have significant adverse effects on the respiratory and cardiovascular systems. 5, 6 In the context of a large-scale molecular epidemiology study, we analyzed the impact of air pollution on the population of industrial cities within the Moravian-Silesian region (MSR) of the Czech Republic: Ostrava, Karvina and Havirov. The capital city of Prague served as a control. We investigated personal exposure to c-PAHs and the impact on biomarkers of exposure, effect and susceptibility that could demonstrate possible damage to important biomolecules (DNA, proteins and lipids) and changes in the human transcriptome. This paper describes individual exposures to c-PAHs and their relationships to some exposuremodifying parameters. The analysis of the relationship of these exposures to various biomarkers is in progress.
METHODS

Sampling Localities
The MSR is an industrial and heavily populated area situated in the easternmost part of the Czech Republic. The region has been characterized by coal mining, the processing of coal and metallurgy from the second half of the 18th century. It is bordered on the west, east and partially the south by mountains, forming a basin with frequent temperature inversions in winter. The MSR covers 5 427 km 2 with 1.25 million inhabitants. 24 The MSR administrative structure consists of six districts (from the west: Bruntal, Opava, Novy Jicin, Ostrava city, Karvina and Frydek-Mistek). The Karvina district is one of the most densely populated districts of the Czech Republic (789 inhabitants/km 2 ). There are approximately 30 thousands industrial facilities in the MSR. The most important industrial sources of air pollution are metallurgy, steel, coke ovens, coal mining and power-generation facilities. The population density in the MSR increases vehicle emissions and energy consumption, which are important factors decreasing air quality in this area. A total of 50% of the inhabitants use central heating, 34% natural gas, 10% coal, 3.3% electricity and 3% wood (Czech Hydrometeorological Institute 25 ). With respect to the rising prices of energy, there could also be a ''supplemental'' kind of fuel that could significantly contribute to the air pollution in winter.
Prague is the capital and largest city in the Czech Republic, situated in central Bohemia. The city is spread over nine hills with 1.3 million inhabitants. 24 Traffic and home heating are considered to be the most important sources of air pollution in winter. Most of the households (51.5%) use central heating, 40% natural gas, 5.7% electricity, 2.4% coal and 0.2% wood. 25 
Study Population
The study was planned to include three monitoring campaigns: winter 2009, summer 2009 and winter 2010. We are presenting the results from the first two campaigns. Non-smoking city policemen from Prague, Karvina and Havirov, and office workers from Ostrava, 22-63 years old, participated in the study. The exact days of the monitoring campaigns, the number of persons and the average age in different locations are shown in Table 1 . The same subjects participated in both campaigns. In an attempt to exclude unreported smoking, cotinine levels (a major nicotine metabolite) were measured in urine samples. Participants were informed before the field study that their smoking status would be checked biochemically. 26 All participants completed a personal history questionnaire giving information on their place of residence, dietary habits, health history and activities that might influence their exposure to the agents of interest for the study. Exposure and behavior pattern of the cohorts in different localities and seasons are included in Supplementary Table 1 . In addition, during a 2-day observation period, when they carried the personal monitors, they kept a detailed time-location-activity diary (TLAD) in which they recorded information about their location and activities every hour. Time distribution of activities for individual cohorts in both seasons are presented in Supplementary Table 2. All the volunteers received information about the purpose of the study and signed an informed consent form before entering the study. The ethical committee of the Institute of Experimental Medicine AS CR in Prague approved the study.
Personal Exposure Monitoring
Personal exposure to eight c-PAHs was measured by personal monitors used by the study subjects during 2 consecutive days (48 h). The active PV 1.7 monitors (URG, Chapel Hill, NC, USA) were equipped with Teflonimpregnated glass fiber filters T60A20 (Pallflex) collecting PM 2.5 particles. 27 The sampler was connected to a pump operating at 1.7 l/min powered by batteries with inlet attached to the individual's breathing zone and was located by his bed during the night (total weight of the sampler 1 kg). 
Statistical Analysis
Statistical analyses were done using Statistica 7.1 (StatSoft, Tulsa, OK, USA), SAS 9.1.3. (SAS Institute, Cary, NC, USA) and SPSS 17.0 software (SPSS, Chicago, IL, USA). The nonparametric method for bivariate analyses was used for data that did not follow a normal distribution: the Mann-Whitney Rank Sum U-test for comparison of two groups. The impact of TLAD activities to individual exposition values was estimated by splitting up all cases according to activity lengths into two groups by medians: below median (BM) and above median (AM) values of activity length. If in some cases median of distribution of individual TLAD activity was equal to zero, instead of median was used as splitting criterion condition equal to zero (BM) respective greater than zero (AM). Relations to personal exposure of this AM vs BM group were tested by U-test. Multivariate models of estimating impact on personal exposures was completed by multivariate linear regression using forward stepwise mode building option.
RESULTS
Personal Exposure to c-PAHs
The average winter c-PAHs and B[a]P personal exposure values were 15.2 and 2.5 ng/m 3 in Ostrava, 39.1 and 6.9 ng/m 3 in Karvina and 4.3 and 0.8 ng/m 3 in Prague, respectively (Po0.001) ( Table 2 ). There was a similar rank in the concentrations of all monitored c-PAHs in the winter period-the highest concentrations in Karvina, followed by Ostrava, and the lowest in Prague. A seasonal variation was clearly evident, as the values of c-PAHs and B[a]P exposure were significantly higher during the winter than during the summer period in all locations (Po0.001). The highest exposures were confirmed in Karvina city where the levels in summer were similar to the winter levels of c-PAHs in Prague (Figure 1.) .
The Environmental and Life Style Factors Affecting Personal Exposure There were higher concentrations of c-PAHs in households that used coal and wood indoors for heating, but only 15% of respondents used this type of heating and the results were not significant. There were significantly higher concentrations of c-PAHs (Po0.001) when using a gas stove instead of an Personal exposures to air pollutants Svecova et al electric stove for cooking. Also, significantly higher concentrations of c-PAHs were found for subjects that cooked frequently. Using an exhaust fan in the kitchen decreased the cooking fumes and thus the concentration of pollutants (data not shown). The smoking status (tobacco smoke exposure) is always very important in the case of personal exposure (Table 3 ). The effect of passive smoking reported in the questionnaires was an important factor contributing to the personal exposure to c-PAHs. Being in the company of smokers outdoors appeared as a significant factor for c-PAHs exposure in winter (Po0.05) and summer (Po0.01). Being in the company of smokers indoors also elevated exposure. Smoking at home increased personal exposure (significant in the summer season, Po0.05).
The results from the time activity questionnaire (TLAD) reflecting the period of personal exposure monitoring (48 h) are shown in Table 4 . The results from bivariate analyses indicate that using public transport lowered personal exposure to c-PAHs (significant in winter, Po0.01), whereas using a car increased exposure to c-PAHs in winter (Po0.05). The results also showed that time spent at home significantly increased exposure to c-PAHs. Passive smoking as well as activities performed with smokers increased personal exposure (only significant data shown). Traveling significantly decreased exposure, which could be connected with traveling by public transport as that lowers exposure as mentioned above. It seems that using windows for 
Many confounders from questionnaires were tested and as significant were found: being in work, at home or elsewhere (indoor), estimated as significant decreasing of relation between outdoor concentration and personal exposure (B ¼ À 0.56, Po0.001; B ¼ À 0.34, Po0.05; and B ¼ À 0.59, Po0.05, respectively, per hour of activity) for the Prague and Ostrava group together. When controlled for the individual locality, data had the same trend but were not significant (data not shown).
DISCUSSION
Personal exposure to c-PAHs in industrial parts of the Ostrava region was measured. The city of Prague was used as a control locality. Previous studies [29] [30] [31] have shown that city policemen are a representative group reflecting the extent of air pollution in cities. They spend most of their work time moving through the city, breathing its ambient air. In our study, city policemen from Prague, Karvina and Havirov were employed. The office workers enrolled in the study in Ostrava represented the majority of the population who spend most of their time indoors. Considering the high air pollution levels in Ostrava, personal exposure in this city is increased, even in the population of subjects spending most of their time indoors.
Since 2004 (as we had data for B[a]P), Ostrava-Bartovice has been the most polluted locality in the Czech Republic (annual average 9.2 ng/m 3 in 2009 25 ). These concentrations are much higher by far than the EU (WHO standard) limit of 1 ng/m 3 of B[a]P, which is expected to be reached by the end of 2012 (DIRECTIVE 2004/107/EC. 32 It is very likely that the more than nine-fold higher B[a]P levels pose a long-term increased health risk for the local inhabitants. 31, [33] [34] [35] [36] In comparison with other studies dealing with personal exposure to B[a]P, Prague levels (winter/summer Based on the questionnaire data, more than half of the study participants in Ostrava city used public transport and less than half used a car. According to bivariate analyses, subjects using public transport had significantly lower exposure to c-PAHs in the winter season than the other groups (Po0.05), but this finding was not observed in the Prague participants. Bivariate models also showed being indoor as increasing personal exposure, but multivariate models of relation between outdoor concentration and personal exposure revealed being indoor as decreasing confounder, indicating outdoor concentration as more important factor. Personal exposure is also determined by other factors such as ETS, the type of home heating, fumes encountered in the cooking process (e.g., frying or broiling), time spent in restaurants and other activities. Detailed information about the subject's life style and activities during the period of personal monitoring was obtained through a personal history questionnaire and TLAD. Statistical analyses suggest that factors increasing personal exposure include: outdoor concentration, ETS exposure, home heating fuel of coal, wood or gas, frequency of exhaust fan use, cooking and commuting by car. In a study of personal exposures to PAHs in Krakow, the authors considered the following variables as short-term predictors of personal exposure to c-PAHs: residence in the city center, ambient temperature, wind speed, ETS exposure, frequency of exhaust fan use, residence near an industrial plant, commuting by tram, apartment height (floor), home heating fuel of coal or wood, time spent outdoors (hour/ day) and simultaneously monitored outdoor concentration of c-PAHs. 40 The personal exposures to c-PAHs in Ostrava and Karvina show high levels in the winter period. This region, together with the Polish part of Silesia, is probably the most polluted area in the EU by c-PAHs. B[a]P poses one of the major health risks from polluted air in urban and industrial areas. The Ostrava region is, because of its composition of sources, especially coke production and metallurgy, the most polluted region in the Czech Republic. Development over the last 12 years has resulted in a lasting adverse situation in this region that poses a long-term health risk for local residents.
CONCLUSION
Our study analyzed personal exposure to c-PAHs in inhabitants of Ostrava, Karvina, Havirov and Prague. As the main determinants of exposure, we observed outdoor concentration, ETS exposure, home heating fuel of coal, wood or gas, frequency of exhaust fan use, cooking and commuting by car. The high biological activity and adverse effects of c-PAHs on human health are major reasons to monitor, regulate and decrease the prolonged and unsustainable high levels of these air pollution components in the MSR. This goal might be reached by the use of the latest technology for major industrial sources and home heating. Our results from personal monitoring confirmed the high personal exposure to c-PAHs of Ostrava-region residents. It is recommended to repeat the personal monitoring of c-PAHs after 2-4 years of attempts to improve air quality in the region in order to determine whether they have been effective. A detailed measurement of outdoor concentration is needed to evaluate the effect on personal exposure as we are planning in our ongoing research. A further important task would be to measure personal occupational exposure in industrial workers or residents that use solid fuels for heating their households. 
